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Specification 



1. Title of invention 

Plant virus RNA vector 

2- Scope of patent claim(s) 

This is a method for incorporating external 

cells wherein: g external genes to the plant 

^ -^r^^": r tor wwch is ~- * 

(2) " is composed of a transfer vector 

the Tobamo virus una in »„ , SSrVes to transfer 

"» coat protein Z re g L ""T^ ^ ^ ^ ^™ 

and 9 OT 18 sub «ituted with external genes, 

"« ^x.^SL^rr-'' 11 ' within the ~- - 

commencement region t h ? ' ' " WhiCh the du P^«tion 

Protein g e„e ^^fl^rT'" 1 *"' Pt °" 8t " «* 

«« in a substitutL arr" ^ ° f the Toba »° 

itution arrangement with the external genes, and,, 

(4) it is a transfer vector U hi«h « n 

items 2 and 3 of the J! / 13 Kithin the sc °P e <* 

— . xznrz sirs:: - 



(5) This is a universal transfer vector wherein, owing to the 
fact that the duplication commencement region, the selected 
marker, and the promoter, as well as the coat protein gene region 
are formed from the cDNA of the (Tobamo) virus RNA arranged in an 
exchange towards the restricted enzyme inoculation position for 
the insertion of the external gene, and is connected so that the 
transfer commencement nucleoside of the referenced promoter is 
the first nucleoside of the referenced cDNA. 

(6) This is a universal transfer vector which falls within the 
scope of item 5 of the Scope of Patent Claim(s), and which is 
specified as a pLDCS29. 

(7) This is a method for incorporating the external genes to the 
plant cells by means of substituting the coat protein gene region 
of the Tobamo virus RNA with external genes or through the 
inoculation of the reformed virus utilizing said plant RNA 
vector. 

3. Description of invention. 
Industrial applications 

This invention is concerned with a method for the manu factur e of 
a plant virus RNA vector, the transfer of said vectors = through 
the utilization of the referenced RNA vector as well as with a 
method for introducing external genes to the plant cells. 
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Prior art technology 

The Tobamo virus is a rod-shaped RNA virus which is separated 
from such plants as tobacco, tomatoes, cow peas, cucumbers, etc. 
The tobacco mosaic virus (TMV) which concentrates in tobacco and 
tomatoes, etc. as well as the cucumber green mottle mosaic virus 
(CGMMV) etc. which concentrates in cucumbers, etc. belong to this 
family. PMV is an ordinary type which can be easily separated 
from tobacco, and several other varieties separated from tomatoes 
and cow peas are known as the tomato type and cow pea type. 

Already, identification has been made of the base arrangement of 
several types of Tobamo viruses, including the tomato type (TMV- 
L) variety, and the slightly toxic TMV-LilA variety , etc., 
concerning which reports have already been made (e.'g. Nishiguchi 
et al.: Nucleic acids res. 13,5585 (1985) Okada: (Saiho Kogaku) 
Vol. 4, no. 11 p 979-990 1985 )). 

In addition to the length of TMV-L type and TMV-LilA type RNA, an 
entire length of cDNA is formed, this constituting cloning 
towards the transfer vector pPMl developed by Ahlguist et al. 
After this has been made linear, an in vitro transfer reaction is 
accomplished with the B-coli RNA polymeraze, thereby 
accomplishing the replication of the infectious TMV RNA. 

This invention has the objective of being utilized in the plant 
vectors used in the character substitution of Tobamo virus RNA 
for plant cells, in pursuit of which studies were accomplished 
resulting in this invention. 
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Outline of invention: 

This invention offers a me thod for the pr oduction— of an RN A 
vector utilized in the introduction of external genes to plant 
cells, as well as for the production of transfer vectors utilized 
in the construction of said RNA vectors, which offers a method 
for introducing external genes towards the plant cells. 

Concrete explanation of this invention 

The RNA vector described by this invention can be produced 
through the substitution of the coat protein gene region of the 
Tobamo virus with specified external genes. 

Within the genome of the Tobamo virus, it is conjectured that 
there are two types of proteins which are applied to the virus 
replication,^^, the 3 OK protein, and the 4 types of coat 
proteins which are coated therewith. Regarding the TMV, this is 
known to be created from the 4 types of genes composed of the 
130K protein, the 180K protein which is its "6ad through" 
protein, the 3 OK protein, and the coat protein. The RNA vectors 
described by this invention can be produced through the 
substitution of the gene region which ^codes these coat proteins 
with the external genes . 

The construction of these RNA vectors may be exemplified by the 
following processes: 

(1) The composition of the entire length cDNA of the virus RNA. 



5 



(2) The region which codes the coat protein of the entire length 
cDNA of the virus RNA constructs the t^nsi^vector which 
includes the entire length of the incorporated cDNA substituted 
with external genes . 

CrA ~" 

(3) The referenced transfer- vector is made linear. 

(4) Transfer reaction of the linearized transfer vector is 
accomplished by means of RNA polymeraze through ordinary means, 
resulting in the desired re-assembly of the RNA vector. 

At this time, trans-^r reaction is accomplished in the presence 
of m GpppG by means of RNA polymeraze . When the 5 ' trailing end 
of the RNA is blocked by "£ip construction", the infectious 
nature of the RNA which has been re-assembled towards the plant 
/j cells increases, but the blocking of the RNA 5' trailing end with 
. §ap construction is_not_necessary . In addition, regarding the 3' 
trailing end of the RNA, at^the time of the RNA transJ^Tfrom the 
cDNA by means of the trans^atr vector, it is desirable that most 
of the nucleoside which passes the 3' (trailing end) do not come 
into contact, and that precise transfer be terminated with the 3' 
trailing end of the RNA. For this purpose, inoculation of the 
cut-off point is accomplished by means of an appropriate 
restricted enzyme (for example, Mlui) in the immediate vicinity 
of the^.cDNA 3' (trailing end) which is a matrix. Prior to the 
transfer, it is desirable that the transSa? be stopped through 
the cutting off of the cDNA at this point. 

As the referenced trance? vector, utilization may be made of 
already known trans&jr vectors which include a restrict^t^enzyme 
cut-off position directly below the point of insertion of the 
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matrix immediately following the replication commencement region, 
the selected marker, and promoter, as well as the trans'le* point 
of commencement, and the point of insertion of the DNA. For 
example, utilization may be made of the well known trans^e^w-^'K 
vectors such as the pPMl developed by Ahlquist, etc. (regarding 
this vector, Agrigenetics Research Associates, LTD. applied for a 
patent, Patent Announcement 61 (1986) - 5779). When utilizing 
this vector, it is essential to obtain the permission of the 
authorized agent. Tn~"tests~of this invention, utilization was 
made of the pPMl provided by Ahlquist). / v 

The pPMl commences from the leading end of the cDNA inserted by 
the transfer and includes the restricted enzyme position in the 
appropriate place on the trailing end of the RNA 3 ' . After 
cutting off at this point, and making it linear, the trailing end 
of the virus RNA 3' is surpassed by a transfer using a trans£ar v ' U 
process in which the nucleoside is not connected and which has no 
influence on infection. 




With this invention, regarding the Tobamo virus utilized as the 
vector, utilization may be made of tomato virus types, ordinary 
types, cow pea types of TMV and CGMMV etc. It is also possible, 
to utilize naturally transformed types which show no creation of 
species with respect to wild types or plants, or to utilize items 
which have been slightly toxified through the causing of 
transformations by means of re-assembly technology. 

Reverse transfer can be accomplished simplj£,by well-known ^ 
methods, to reverse transit the RNA with a reverse trans^e'* 1 
enzyme for the entire length of the cDNA of the virus RNA. For 
example, it is well known that the entire length cDNA of the cDNA 



of TMV-L types of genome RNA (1-6215) and the cDNA of the 3' 
trailing end 1.6Kb # as well as the TMV-L il A type can be 
accomplished with the cloned plasmid pLT-D27, pL-1-13, as well as 
pLilA-A25 etc. References to these production methods are 
respectively included in Ohno et al. : J. Biochem 96 1915-1923 
(1984), Takamatsu et al.: Nucleic acid Res. 11, 3767-3778, 1983) 
and Nishiguchi et al.: Nucleic acid res. 13, 5585-5590 (1985). 

The DNA utilized as a matrix in the production of the RNA vector 
described by this invention^can be produced through the 
incorporation to the transit vector of DNA in which the coat 
protein gene region of the entire length cDNA of the virus RNA is 
substituted with external gene DNA. However, the constructing of 
this re-assembled transf-tnTvector itself can be accomplished 
through ordinary means in which utilization is made of gene re- 
assembly. 

Particularly, the Tobamo virus RNA's cDNA^cpat protein gene 
region is removed as shown in the trans^e** vector pLDCS29 shown 
in figure 2. At this point, where it is possible to insert the 
external genes through the introduction of the restricte$~enzyme 
cut-off position, the constructed replication commencement 
region, the selected marker, and the promoter, as well as the 
coat protein gene region are created from the cDNA of the Tobamo 
virus RNA arranged in a changed arrangement towards the 
restricted" enzyme cut-off point, owing to the introduction of the 
external genes. 

The nucleoside which commences the transfer of the referenced 
promoter utilizes a universal transfer vector which is connected 
to the first nucleoside of the referenced cDNA, by which means it 
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can be readily accomplished. Through an insertion which utilizes 
ordinary gene re-assembly technology for the insertion of this 
universal vector for the insertion of external genes, the 
construction of the desired transfer vector can be accomplished. 

There is no particular limitation as to the gene to be introduced 
to the plant cells and described by this invention. However, 
they should be improved genes with respect to high and low 
temperatures, frost, insect damage, disease causing organisms, 
virus etc, and should also be improved genes with respect to weed 
retardants, genes which add to the growth of plants, genes which 
assist in nitrogen fixation, genes which add to photosynthesis, 
genes which add to the nutrition and special characteristics or 
flavor of the plant, and genes which possess overall useful 
characteristics . 

The character transformation of the plant cells may be 
accomplished through the referenced re-assembly of the RNA 
vectors which is infected to the plant cell. At this time, 
following the re-composition of the virus though the utilization 
of the virus coat protein, by means of inoculation towards the 
plant, and through the causing of infection to the plant, an 
increase in the infection ratio can be accomplished. Infection 
towards the plant cell requires water, which serves as a re- 
combinant reaction fluid, or mediation fluid, etc. for dilution 
of the concentration, following which it can easily be 
accomplished by means of inoculation towards the plant along with 
the carborundum to (illegible) the virus or RNA by means of 
mediation . M-^ot'-c^ 
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As the subject plant, utilization may be made of those plants 
which are infected to the Tobamo virus, such as tobacco plants or 
tomato plants. However, it is not particularly restricted. 

Hereafter explanations will be provided in detail with respect to 
this invention, and with reference to specific embodiments. 

This invention is not limited to the applications defined in 
these embodiments, but may include ordinary changes in 
improvements in the technological applications of this invention. 

Construction of the cDNA of the RNA Vector 

Re-assembly cDNA which includes the cDNA in which the TMV coating 
protein gene region has been substituted with external genes is 
composed indicated hereafter. Furthermore, the cloning of the 
DNA in these embodiments makes utilization of the ^coli HB101. 

(1) Ban, I fragments are cut out from the pBR325 (F Boulevard, 
Gene 4121 (1978)) which includes (Chloramphenicol acetyl 
transferase : CAT) genes, and following filling- in, in which 
utilization is made of fragments of Klenow of B-coli DNA 
polymeraze I, and through assimilation with Sau3A, 0.74 Kb filled 
in BANI/Sau 3 AI fragments (which constitute the entire code 
region of CAT, including the non-translated 59bp 5' region as 
well as the non-translated 3' 24 bp region) are separated. 

The well-known transfer vector - pLFW3 which inoculated the 
entire length cDNA of the TMV - L towards the transfer vector 
pPMl (Ishigawa, etc. et al.) Dai 8 kai Nippon Bunshi Seibutsu 
Gakkaii Nenpo (1985) is assimilated by means of Ava II, and 
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appropriately cut off at the 6160 of the genom of the TMV - L. 
Following the accomplishment of filling through the utilization 
of Klenow filaments in the filler bp lower flow of the cDNA of 
the TMV) 0.23Kb, filled in Ava II Sa I IBNA cross-sectional forms 
which include a 3' trailing end component of TMV as well as 22bp 
of coat protein genes is obtained through assimilation with Sa 1. 
Following the combining of these two fragments, cloning is 
accomplished between the BamHI of pBR 322 and Sa 1 I side whereby 
the pCAT 3L-10 is constructed. 

The pCAT II L-10 is cut-off at the EcoRV side of the pBR 322 
source, and following linearization, is cut close to the 
commencement coden of the CAT gene, with Bal 31 (exonuclease) in 
a reac'tion liquid which includes 0.6MNaCl, 20mMTrif-HCl(pH8) 
112mNMgCl2, 12mMCaCl2, 11.6 (micron) gpCATL- 10 /EcoRV, 2.6uBal31 
(exonuclease) 30 deg. C, for a reaction time of 7.5 minutes). 

To this is coupled SacI (linker) pdCDAGCTCG ) , and following 
assimilation with Sac land Sal I, cloning is accomplished between 
the DNA which includes the CAT genes as well as all of the 3 1 
non-translated region of TMV between the Sac of pUC 18 and Sal I 
side. Utilizing a combination reaction fluid, E. coli HB101 is 
character transformed, resulting in the separation of plasmids 
from the colony resistant to ampicillin and (kororamu- (phonetic) 
phenecol). 

The DNA arrangement is determined by means of the di-dioxide 
method, selection being made of CAT genes which include a lObp 5 ' 
leader region, as well as ptC3L 5-2 which includes a portion of 
coat protein as well as a TMV 3' trailing end. 
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On the other hand assimilation is accomplished at the BftE II 
site within the pLFW3 coat protein gene region (appropriate to 
the no. 5799 of the TMV genome of the RNA. Curtailment is 
accomplished close to the commencement coden of the coat protein 
genes with Bal 31 (exonuclease) (0.6MnaCl, 20mNT riz Hcl (pH 
8.0), 12mMMgCl2, mMCaCl2, 10 (micron) gPLFW3/Bst E II 1.3 (micron) 
Ba 13 1 (exonuclease) included in a reaction fluid, 30 deg. 
centigrade for a reaction time of 3 minutes). To this, following 
the joining of Sac I (linker), assimilation is accomplished with 
Sac I as well as Kpn I in a position appropriate to the 4390 of 
TMV genome Sac I in the amount of 1.25 - 1.35 Kb/Kpn I fragments, 
cloning being accomplished between the Sac of pUC 18 as well as 
Kpn I site. Following the character transformation of the B-coli 
in the manner described above, the plasmid is separated and a 
determination made of the DNA arrangement, selection being made 
of pt5L29, which includes 4bp continuing with a portion of 180 K 
protein genes as well as ATG coat protein genes having pCL29 
construction: 

Combining is accomplished of the Sac I/KPN II fragments of 1.32 
Kb of pt 5 L29 (which includes a portion of the 180 K protein 
genes, the 30 K protein genes, and the commencement coden of the 
coat protein genes as well as its lower flow for bp, the Sac I of 
the 0.963 Kb of the ptC3L 5-2/Mlu I fragments (including the CAT 
genes and its upper flow 10 bp as well as the trailing end region 
of the TMV 3 • ) as well as the Kpn I of the pLFW3/Mlu I fragments , 
the pC129 thereby being constructed. 

This pCl29 is constructed in such a manner that the TMV coat 
protein gene region of the pLFW3 is substituted with CAT genes. 
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Construction of pCLB29 



After the pt5L29 Sac I/Kpn I fragment and pt C3L 5-2 Sac I/Mlu I 
. fragment Sac I site are filled out with Klenow fragments, 
creating a smooth trailing end, they are combined in the same 
manner as the pC129 construction, and a pCl of B29 is 
constructed. 

Universal transfer vector - pLDCS 29 construction: 

The coat protein gene region is removed, making it possible for 
this position to be inserted with the external genes, (the 
universal transfer vector into which it is introduced being 
restricted enzyme cutoff point Sac I) - PLDCF 29 being 
constructed as indicated hereafter. 

The pLFW3 is assimilated by means of Ava II, and after filling 
with Klenow fragments, the Sac I (linker) is joined, being 
assimilated with Sac I and Mlu I, thereby simply separating 0.23 
Kb Sac I/Mlu I fragments (including the TMV 3 ! non-translated 
region as well as the C trailing end 22 bp of the coat protein). 

The 1.32 KbSac I/Kpn I fragment constituting the separation of 
Sac I/Mlau I fragments from pt5 L29, is combined with Kpn I/Mlu I 
fragments separated from the pLFW 3 (utilizing the greater part 
of the fragments). The coat protein gene 5710 - 6160 is removed, 
thereby constructing the pLDCS 29 into which has been inserted 
the Sac site. 

The transfer vector pCL29, pCLB29 which is constructed 
in the manner described above is assimilated with Mlu I following 
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which it is transferred by means of the commonly utilized B-coli 
RNA polymeraze (Ahlquist et al. proc. NAS USA f 81, 7066 - 7070 
(1984) the resultant RNA being refined by means of phenol 
expulsion as well as ethanol precipitation. It is a commonly 
known acetic acid method: (Fraenkel - Konrat, H, virology 4, 1-4 
(1957), by which the refined ordinary type TMV coat protein is 
utilized (4mg/ml), being maintained at 20 deg. C. in a 0.1 M 
phosphoric acid sodium mediation fluid (pH7.0) and treated for 16 
hours, resulting in the re-formulation of the virus. 

Infection and observations with regard to the plant cells. 

The reaction fluid arranged and constructed in the manner 
described above is diluted 5 times with a mediation fluid, and is 
spread out on the leaves of Nicotiana tocacum Samsun. Following 
cultivation for 10 days, the leaves are collected and an expelled 
fluid (250 mMT riz - HC1 (pH 7.5) , 2.5 mMEDTA, 0.1 percent 
ascorbic acid 0.5 mM ( "leupeptine" - phoenetic), ImMPMSN is 
added, rubbed, and heated for 10 minutes at 60 deg. C. Following 
centrifugal separation (14000 xg for 5 minutes), the upper 
cleansing forming 100 (micron) 1 with mediation fluid, 5 micron/1 
of lOmM acetyl CoA and 0.067 microns Ci of 14 C (label) (kororamu 
phenicol) (53mCi/mmol) (amashambu-phonetic) are combined and 
incubated for 30 minutes at 37 deg. C. The (kuroramu) phenicol 
and its expulsion are expelled with acetic acid ethyl and dried 
under low pressure following which 5 micron 1 of acetic acid 
ethyl is precipitated. 

Said precipitate becomes the solution medium for 
chloroform/methanol (9.5:5), and is applied to a silica gel thin 
layer chromatography. The column phenecol as well as its acetyl 
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derivative lAcCm 1-acetyl column phenocol, 3 AcCm: 3- acetyl 
column phenocol, 1,3 AcCm: 1, 3 - di-acetyl column phenocol 
examined by means of autoradiography at room temperature for 16 
hours). The results are shown in Fig. 6. Within the drawings, 
(lane 1) represents a ladder reaction 14 clabel column phenecol 
(Cm); Lane 2 represents an expelled substance of 0.5 Mg of leaves 
of the subject plant onto which the transfer reacting fluid has 
not been spread and lane 3 represents the expelled substance of 
the infected plant for the TMV of the wild type; Lane 4 
represents a transfer substance of transfer vector pLDCS 29 which 
does not contain the coat protein gene, and lanes 5 and 6 
represent a plant expelled substance onto which has been spread 
the vector substance of pCL29 pCLB29 . Lane 7 represents 0.03 
units of an CAT reactant. 

As is clear from these results, the observation of CAT should be 
confirmed by means of pCL29 and pCLB 29. 

Reference Examples 

Construction of transfer vector - pLFW 3 which includes cDNA of 
the TMV - L of the entire length: 

The composition of the entire length cDNA of the TMV -RNA 

(1) The TMV - L type or the slightly toxic type L n A is 
inoculated to the tobacco, and propagated. Following the rubbing 
of the infected tobacco, the virus granules are refined by well 
known means, subsequent to which the RNA from the virus granules 
are also refined _by known means (Takamatsu et al. Nucleic Acids 
Res. 11, 3767 - 3778 (1983). Said RNA is annealed with a surplus 
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of composite primer (possessing an 18 remaining base in an 
appropriate arrangement of TMV - of the 9th 3' trailing end 
wherein A is exchanged with T) . Adjustment is made of a reaction 
fluid which contains an annealment RNA of 50 micron g/ml as well 
as reverse transfer enzymes of 250 units/ml. These are then 
reacted for 90 minutes at 42 degrees Centigrade, thereby 
constituting the cDNA. Following the recovery of the DNA by 
means of phenol expulsion and ethanol precipitation the RNA is 
dispersed by means of 0.1 NNaOH. This is then applied to 5-20% 
alkali sho sugar density gradient centrif ugation or 2.5% 
polyacrylamide/8 . 3 M urea gel electrophoresis, the appropriate 
cDNA being taken piecemeal to the entire length of the RNA. As 
indicated above, surplus composite primer on the constituted 
entire length cDNA (possessing an arrangement which is 
appropriate to the 1-19 remaining base of the TMV-RNA is added, 
and after heating at 90 deg. C. for 5 minutes in 10 mMTrisHCl (pH 
7.5) 10 mMmgCl2) 50 mMNaCl, it is gradually cooled and annealed. 

A quantity of 250 units per ml of B-coli DNA polymeraze 1 (large 
fragments) is added within dNTP of each of the 10 mMTrisHCl (pH 
7.5), 25 mMNaCl, 10 mMgCl2 and 5 mM (dithio ' sureito ' -phonetic) 
0.2mM, and reacted for 3 hours at 2 deg. c, being transformed 
with twin chain cDNA. Manufacture is accomplished by means of 
low melting point agarose gel, thereby obtaining entire length 
twin chain cDNA. 
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Cloning of the entire length cDNA. 
Construction of pUCG91 

In order to introduce Mlul site 2pUC9 (poly linker) arrangement 
position, Hind III of 0.21 Kb of pCG9F2 (which includes 
approximately 1.6 Kb including the Mlul described in Meshi et al. 
Virology 127, 54-64 (1983), : (Cucumber green mottle mosaic 
virus) /fill-in Mlul fragments are inserted to the Hind III of the 
PUC9 (Vieda et al. Gene 19. 259-268 (1982)/(Fill-in) Sal I site, 
thereby constructing the pUCG91. 

The construction of the Mlul site circumference of the pUCG91 is 
shown in Fig. 5. 

Construction of the plasmid pLFWl including TMV-L type entire 
length cDNA. 
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(1) Construction of pLM51 as well as pLM31 

The entire length double chain cDNA (TMV-L type) obtained in the 
manner described above is assimilated by means of Bgl II, 
manufacture being accomplished following the obtaining of the 
2.62 Kb which is appropriate to the RNA 5' trailing end. 

This is then joined with 3.03 Kb of Aatll/Sma I fragments 
included in Pm promoter of pPm l, as well as 0.47 Kb of Aat II of 
pUC9/BamH I fragments. The combined DNA is character transformed 
towards E.coli MC 1061 (Kasadaban et al. J. Mol. Biol. 138-179- 
207 (1980). Cloning (hybridation-phonetic) as well as restricted 
enzyme mapping is created, selection being made of B-coli which 
includes the pLM51, the construction of which is shown in Fig. 4. 

(2) Construction of pLM31 

The entire length twin chain cDNA obtained in the manner 
described above (the transformed type of cDNA in which the 9th T 
of the TMV-L 3 'trailing end is transformed towards A) is 
assimilated by means of PstI, being manufactured following the 
obtaining of the 4 . 54 Kb which is appropriate to the RNA 3 1 
trailing end. 

The Aatll of 2.18 Kb of pUC9/PstI fragments, as well as Aatll of 
0.49 Kb of pPUCG91/ fill-in Mlul fragments are combined. The 
combined DNA being character transformed towards the E.coli 
MC106. Cloning hybridation as well as restricted enzyme mapping 
is created, selection being made of pLM31, constructed in the 
manner shown in Fig. 4. 
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(3) Construction of pLFWl 

The pLFWl which includes entire length cDNA is constructed by the 
insertion of Pst fragments of pLM51 (which includes Pm promoter 
as well as a 5' trailing end) to the Pft I site of pLM31. 

Construction of pLFW3 

Through the substitution of the Ncol/Apa I fragments of pLFWl by 
means of Ncol/Apal fragments of pL-1-13 (Takamatsu et al. Nucleic 
Acids Res. 11, 376 - 3778 (1983): approximately 1,600 bp TMV-L 
type 3" trailing end cDNA) and through the substitution of 
EcoRINcol fragments by means of EcoRI/Ncol fragments of pLT- D27 
(Ohno et al.: J. Biochem 96 (1915-1923) (1984): which includes 
cDNA of up to 6215 from TMV-Ltype RNA 5 1 trailing end) pLFW3 can 
be obtained constructed in the manner shown in Fig. 4. 

Construction of pLFAI 

Through the substitution of the EcoRI of pLFWl/Apal fragments 
with EcoRI of pLil A-A25/Apal fragments in the manner described 
above, the transfer vector pLFAI is constructed so that the 
entire length cDNA of TMV-Lil A type is incorporated. 

(4) Brief description of drawings. 

Fig. 1 is an abbreviated drawing showing the transfer vector- 
pCL29 construction described by this invention. 

In the drawing the Pm manifests the (lambda) phage promoter of 
pPMl origin developed by Ahlguist. 
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Here, 130k/180K, 30k and CP manifest TMV 130 k/180K tobacco 
genes, 30 K tobacco genes and coat protein genes. Also, 5 and 3 
which are circumscribed before and aft by rectangles, manifest a 
5 1 trailing end non-translated region as well as a 3 1 trailing 
end translated region respectively. 

Fig. 2 is an abbreviated drawing showing the universal transfer 
vector - pLBCS29 construction. 

Fig. 3 shows the transfer vector - pLFW3 DNA construction in 
which the transfer vector - pCL29 (p CLB 29) includes CAT genes, 
and transfer vector pLDCF29 as well as cDNA of RNA of the TMV is 
incorporated . 

Fig. 4 is a diagram which shows the DNA construction of plasmid 
pLM31, pLM51, pLWFl, pLWF3 , and pL-1-13. 

Fig. 5 is a diagram which shows the DNA of the MLuI site 
circumference of pECG91, pLFWl, and pLFW3. 

Fig. 6 is a drawing which shows the results of autoradiography 
resulting from tests to confirm the CAT observations. 
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